INTRODUCTION
============

As average life expectancy increases in modern society because of the development of civilization and medical technology, health care in the middle ages is on the rise as the primary countermeasure to be healthy while in old age. During the middle ages, it is easy to be exposed to chronic adult diseases because of a sedentary lifestyle and reduced physical activities. In these adult diseases, regular exercises improve blood lipid, control insulin resistance, reduce cardiovascular risk factors ([@b7-jer-12-1-42]), and lower the incidence of cardiovascular diseases and mortality ([@b15-jer-12-1-42]; [@b19-jer-12-1-42]).

Among aerobic exercises, marathon is in the limelight as a sport that people can enjoy easily at various places and community. Moreover, this sport enables citizens to have harmony and fraternity. Also, as a means of maintaining and promoting one's health, a number of the middle-aged people participate in marathons.

As such, marathons require a much stronger mentality and fitness than any other endurance and aerobic sports. However, if middle-aged people participate in this strenuous exercise, cardiovascular risks or rupture of coronary artery plaques may be increased, which is a sudden death risk ([@b1-jer-12-1-42]; [@b8-jer-12-1-42]). Looking at the cause of sudden death resulting from exercise, hypertrophic cardiomyopathy or ischemic cardiovascular disease were reported ([@b12-jer-12-1-42]; [@b22-jer-12-1-42]). Hypertrophic cardiomyopathy is characterized by electrocardiogram, which shows left ventricular hypertrophy ([@b13-jer-12-1-42]). Acquisition of this disease is very rare, and the cause of sudden death found in middle-aged people is coronary artery disease. The risk of unexpected death due to strenuous exercises is 5 to 7 times higher than moderate-intensity exercise ([@b17-jer-12-1-42]). In the study by [@b4-jer-12-1-42], ventricular arrhythmia was found to be higher in the group of athletes doing maximal exercise than in ordinary people. It is also reported that the expression of electrocardiography and echocardiography would particularly raise the risk of sudden death. Therefore, it is thought that it is important for subjects in their middle ages who participate in high-intensity exercise to receive periodic exercise stress tests in order to identify their risk degree of cardiovascular diseases. However, these factors have been mostly evaluated in young elite athletes in Korea, and studies conducted on middle-aged people are very insufficient. In addition, with regard to the study method, it was not the value divided by body mass index (BMI) but the absolute values presented that led to errors in the result values. Therefore, the purpose of this study is to analyze cardiovascular factors in middle-aged subjects who have been joining marathons for a long time in order to investigate the positive and negative factors of strenuous exercises.

MATERIALS AND METHODS
=====================

Subject
-------

Subjects were all healthy volunteers who had marathon exercise experiences for 5 yr or more with a frequency of 3 times a week, 1 hr and 30 min of exercise time, and 13--15 of RPE (ratings of perceives exertion) as the exercise intensity. People who had cardiovascular diseases and other diseases that might affect the heart were excluded from this study. The general characteristics of subjects are described in [Table 1](#t1-jer-12-1-42){ref-type="table"}.

Measurement items and methods
-----------------------------

### Measurement items

In this study, body compositions (weight, body fat percentage, and BMI) and echocardiography (cardiac structure and function) were measured and analyzed.

### Measurement method

The body compositions (weight, body fat percentage, and BMI) were measured using the body composition analyzer (In Body 370, Biospace, Seoul, Korea). Subjects were measured while wearing simple clothing without metals, such as earrings, rings, etc., and after a controlled food intake on the examination date and a 30-min rest before the measurement.

The treadmill exercise stress test (Q4500, Quinton Instruments Co., Boston, MA, USA) by Bruce Protocol was conducted. The subjects were asked to finish meals 5 hr before the test, and the test was performed after they rested for 30 min after they arrived at the laboratory. The maximum exercise duration (ED) was set as the time heart rate does not increase anymore and by 17 or more in the Borg Scale. The resting heart rate and blood pressure during exercise were measured with a mercury sphygmomanometer. Through the exercise stress test, maximal oxygen uptake (VO~2~max), myocardial oxygen uptake, and the maximal exercise time were recorded.

### Data processing

The mean and standard deviation of all measured items were calculated using IBM SPSS Statistics ver. 21.0 (IBM Co., Armonk, NY, USA), and they were analyzed using an independent sample *t*-test to verify the difference of means between groups. The statistical significance level was set as α=0.05.

RESULTS
=======

Effects of marathon on cardiovascular factors were analyzed ([Table 2](#t2-jer-12-1-42){ref-type="table"}). When analyzing the difference of resting heart rate and maximal heart rate, it was found that there was a statistically significant difference (*P*\<0.01 and *P*\<0.05) between groups. In terms of differences of resting systolic blood pressure and resting diastolic blood pressure, there was no statistically significant difference.

Then, in the result of verifying the maximal systolic blood pressure differences, there was a statistically significant difference (*P*\<0.001) between groups, whereas there was no statistically significant difference in the result of maximal diastolic blood pressure difference. Finally, when analyzing the difference of VO~2~max, it was found that there was a statistically significant difference (*P*\<0.001) between groups. With regard to ED, no statistically significant difference was found.

DISCUSSION
==========

The purpose of this study is to analyze the cardiovascular factors in exercise stress tests, including body compositions of middle-aged people following the adaptation of marathons to investigate the positive and negative factors of strenuous exercises.

A marathon is known as a typical aerobic exercise. If an aerobic exercise is performed for a long time, it will affect the parasympathetic nerve, thus increasing stroke volume and lowering the resting heart rate, which has a positive effect on reducing cardiovascular diseases ([@b18-jer-12-1-42]). In the study by [@b14-jer-12-1-42], people who did long-term regular training showed bradycardia in frequent stability, while the mechanism of resting bradycardia was reported to be influenced by the acceleration of the parasympathetic nervous system activity of the heart. In this study, bradycardia phenomenon (\<60/min), which occur in athletes, was found in the marathon group. All these results can be seen as the effects of aerobic exercise. Also a positive effect that can be expected in aerobic exercise effects is a resting blood pressure. Although the phenomenon of blood pressure decrease due to exercise has not clearly investigated up to now due to their complex mechanism, the improvement of peripheral vessel resistance is the most important role in mechanism to reduce blood pressure ([@b6-jer-12-1-42]). The mechanism in which exercises have effect on blood pressure is different depending on exercise intensity, time, and exercise types, but it is known that blood pressure is decreased due to decreased activity of sympathetic nervous system and decreased peripheral resistance ([@b2-jer-12-1-42]). According to [@b3-jer-12-1-42], it is reported that, as a positive effect of exercises, hypotensive effect due to exercises is about 4--9 mmHg. In this study, the resting blood pressure of all subjects was in relatively normal range, but the resting diastolic blood pressure was significantly lower than that in the control group, which indicates that there was a positive factor of the aerobic exercise effect. However, in maximal exercise, systolic blood pressure was shown as an exercise-induced high blood pressure in the marathon group. Looking at the definition of exercise-induced high blood pressure, it shows a normal range, but the systolic blood pressure increased by more than 210 mmHg in maximal exercise ([@b10-jer-12-1-42]). This exercise-induced high blood pressure has 5--10 times higher rates to shift to high blood pressure in a future stability ([@b20-jer-12-1-42]), and it is also an independent risk factor for cardiovascular and cerebrovascular diseases ([@b9-jer-12-1-42]; [@b23-jer-12-1-42]). Exercise-induced high blood pressure is related to endothelial dysfunction, because the resistance of peripheral blood vessel is high ([@b21-jer-12-1-42]). [@b24-jer-12-1-42] reported that a significantly high arterial stiffness was found in marathon players who perform chronic strenuous exercises compared to those who have sedentary lifestyles. In other words, in normal blood pressure reaction during exercise, smooth extension of the peripheral blood vessel no longer increases the blood pressure as cardiac output increases, but in subjects with exercise-induced high blood pressure, blood pressure is excessively increased during exercise because of an extension disorder of the peripheral blood vessel ([@b25-jer-12-1-42]). Although it was not measured in this study, the relationship between blood pressure and arterial stiffness of subjects who participate in strenuous exercises, such as marathon, needs to be followed up in further studies. Aerobic exercise is the most important in cardiovascular factors, and the factor that has a positive effect on them is maximal oxygen intake. This factor is the criterion that shows cardiopulmonary fitness in athletes, but it is an important index in the evaluation of patients with cardiovascular diseases and other patients ([@b5-jer-12-1-42]). In this study, it was found that the marathon group had higher cardiopulmonary fitness than the control group. In other words, long-term aerobic exercise improves cardiopulmonary fitness, reported among the middle-aged marathon groups, while the cycling and body building groups showed the highest VO~2~max, but in this study, triathlon, marathon, and cycle groups showed similar cardiopulmonary fitness. In other words, in the triathlon group that does comprehensive aerobic exercise, higher cardiopulmonary fitness was expected, but it was found that high cardiopulmonary fitness is only maintained with one concentrated aerobic exercise. Among them, as swimming was higher than the control group but lower than the triathlon and marathon groups, it is thought to be more effective to add running exercise in order to maintain higher cardiopulmonary fitness. Also, it is very important to increase the VO~2~max through aerobic exercise in patients with cardiovascular diseases in clinical situations. The value dividing the VO~2~max by 3.5 mL/kg/min is called 1 MET (metabolic equivalents), and the increase of 1 MET reduces fatal cardiac death by 28%--51%, and nonfatal cardiac death by 17%--29% ([@b11-jer-12-1-42]). Also, it is known that total survival rate increases by 12% with every increase of 1 MET ([@b16-jer-12-1-42]). In addition to the VO~2~max, the ED of the marathon group, which shows exercise adherence, was found to have a numerically higher tendency than the control group, but it was not statistically significant. Therefore, marathon---which increases VO~2~max and endurance---would be seen as relatively good, and if it is applied to patients, jogging would seem to be an effective exercise.

In this study, when investigating the effects of strenuous exercise on resting heart rate, blood pressure and VO~2~max, there were significant differences in resting heart rate, maximal heart rate, maximal systolic blood pressure, and VO~2~max.

However, as exercise-induced high blood pressure occurs in the maximal systolic blood pressure, the risk should be diagnosed through an exercise stress test. To endure continuous and strong pressure, it is thought that reinforced exercise in the form of resistance that may strengthen heart muscle need to be recommended.
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###### 

General characteristics of subjects

  Characteristic              Marathon (n=15)   Control (n=15)
  --------------------------- ----------------- ----------------
  Age (yr)                    49.27±3.41        48.07±4.49
  Weight (kg)                 69.26±5.32        71.42±9.62
  Height (cm)                 169.63±4.67       171.8±5.36
  Body mass index (kg/m^2^)   24.043±1.07       24.13±2.34
  Body fat percentage         14.563±1.86       23.13±2.34

Values are presented as mean±standard deviation.

###### 

Result of analysis of effects of marathon adaptation on cardiovascular factors

  Cardiovascular factor   Group          Mean±SD        *t*-test   *P*-value
  ----------------------- -------------- -------------- ---------- -------------------------------------------------------
  RHR                     Marathon       58.80±4.38     −5.929     0.001[\*\*](#tfn3-jer-12-1-42){ref-type="table-fn"}
  Control                 74.47±9.24                               
                                                                   
  MHR                     Marathon       169.67±12.43   −2.472     0.040[\*](#tfn2-jer-12-1-42){ref-type="table-fn"}
  Control                 178.33±5.46                              
                                                                   
  RSBP                    Marathon       124.67±7.83    −0.908     0.570
  Control                 126.93±5.66                              
                                                                   
  RDBP                    Marathon       79.53±2.80     −5.669     0.058
  Control                 87.20±4.42                               
                                                                   
  MSBP                    Marathon       219.53±29.31   4.112      0.000[\*\*\*](#tfn4-jer-12-1-42){ref-type="table-fn"}
  Control                 185.20±13.65                             
                                                                   
  MDBP                    Marathon       78.60±10.64    2.415      0.093
  Control                 70.80±6.56                               
                                                                   
  VO~2~max                Marathon       53.10±5.08     7.865      0.002[\*\*\*](#tfn4-jer-12-1-42){ref-type="table-fn"}
  Control                 39.56±4.30                               
                                                                   
  ED                      Marathon       862.87±66.48   11.981     0.974
  Control                 576.93±64.21                             

*P*\<0.05.

*P*\<0.01.

*P*\<0.001.

SD, standard deviation; RHR, resting heart rate; MHR, maximal heart rate; RSBP, resting systolic blood pressure; RDBP, resting diastolic blood pressure; MSBP, maximal systolic blood pressure; MDBP, maximal diastolic blood pressure; VO~2~max, maximal oxygen uptake; ED, exercise duration.
